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Abstract
The quantum Yang–Mills theory describing dual (g˜) and non–dual (g) charges
and revealing the generalized duality symmetry was developed by analogy with the
Zwanziger formalism in QED.
1. Introduction
In the last years gauge theories essentially operate with the fundamental
idea of duality (see, for example, reviews [1] and references there).
Duality is a symmetry appearing in pure electrodynamics as invariance of
the free Maxwell equations:
This Hodge star duality does not hold in general for non–Abelian theories
[2]- [4]. In Abelian theory Maxwell’s equation (??) is equivalent to the
Bianchi identity for the dual field F µν, which guarantees the existence of
a ”dual potential” (see Bµ in Eq.(??)).
In the non–Abelian Yang–Mills theory, one usually starts with a gauge
field Fµν(x) derivable from a potential Aµ(x):
2. The Generalized Polyakov Variables
It was shown in Refs. [2], [3] that the classical Yang–Mills theory is sym-
metric under a generalized dual transform which reduces to the well–known
electric–magnetic duality in the Abelian case. This dual transform is for-
mulated in Refs. [2]- [4] in terms of loop variables similar to those intro-
duced by A.M.Polyakov [5].
Starting with the Dirac phase factor [6] :
With aim to understand the difference between the quantitites Fµ[ξjs] and
Eµ[ξjs], it is convinient to give some explanations.
The loop derivative in Eq.(??) is defined as
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In contrast to Fµ[ξjs], the quantity Eµ[ξjs] depends only on a ”segment”
of the loop ξµ(s) from s− to s+.
The regularization of δ–function is necessary for the definition of loop
derivatives used in this theory.
The quantities Eµ[ξjs] constrained by the condition:
The authors of Refs. [2], [3] consider also the dual variables E˜µ[ηjt] defined










As it was shown in Refs. [2], [3], the expression (??) reduces to the Hodge
star operation in the Abelian case, but for a non–Abelian theory they are
in general different.
The usual Yang–Mills action
1. Eµ[ξjs] is derivable from a local potential Aµ(x) if and only if the (loop)
curl of Eµ[ξjs] vanishes (see Eq.(??)).
2. The constrained action contains the Lagrange multipliers W µν[ξjs]:
3. The Eq.(??) is equivalent to the dual variables E˜µ[ηjt] being curl–free,
which (according to the point 1) is equivalent to the existence of a local
potential A˜µ(x) :
4. The local dual potential A˜µ(x) can be expressed in terms of the La-
grange multipliers W µν (see [2], [3]) as:
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3. The Zwanziger–type Action for non–Abelian The-
ories
Following the idea of Zwanziger [7], [8] (see also [9], [10]) to describe sym-
metrically dual and non-dual Abelian fields covariantly interacting with
magnetic and electric currents (respectively), we suggest to consider the
generalized Zwanziger formalism for non- Abelian theories. The action of
such theories is based on the Chan–Tsou generalized dual symmetry and
has the following form:

















In the Abelian case, the following relations are easily obtained:
Let us return to the non-Abelian theories. In the light of the regularization
procedure considered in this paper, we have only the following relations:
It is obvious now that there exists the second local gauge symmetry for
non–Abelian theories, which can be denoted as S˜U(N) to distinguish it
from the initial local symmetry of Aµ. As a result, we deal with a doubling
of the gauge symmetry from SU(N) to
3
4. Conclusions
It was shown in the present paper that the Zwanziger–type action can
be constructed for non–Abelian theories revealing the generalized duality
symmetry. In the Abelian limit this action corresponds to the Zwanziger
formalism for quantum electro–magneto dynamics (QEMD). It was em-
phasized that although the generalized duality transformation is rather
complicated, it is explicit in terms of the Polyakov loop space variables
type.
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